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ABSTRACT

Research has shown that men and women metabolize drugs
differently, but little is known about how gender affects
recovery from general anesthesia. The purpose of this study
was to determine if there were differences in recovery
times between men and women following general anesthesia
with sevoflurane and propofol. A review of the literature
showed two studies where women awoke from general
anesthesia significantly faster than men.

Following institutional review board approval, 24 men
and 24 women were enrolled in this descriptive, non-
randomized, quasi-experimental study. After informed
consent was obtained, general anesthesia was induced with a
standardizéd weight-based protocol. Anesthesia was then
maintained with a propofol infusion and sevoflurane was
adjusted to maintain appropriate anesthetic depth.
Following discontinuation of anesthetic agents, recovery
end points (eye opening and hand grip) were elicited by
investigators at one-minute intervals. For the purposes of
the study the subject was considered recovered when both
end points were met.

There was no statistically significant difference in
demographics, or type of surgery. No statistically
"significant difference was found in recovery times between
the two groups.

This study did not control for local anesthetic
injections made by the surgeon that might influence
recovery times. Because women continue to experience recall
at higher rates than men more studies are needed in this

" area.
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CHAPTER 1
Introduction

Many studieé using animal and human models have ShoWn
that gender affects drug function. Even so, women were not
routinely included in pharmacologic research. In 1993 the
Fobd and Drug Administratioﬁ (FDA) stated that women‘should
be included in clinical drug trials (Merkatz, Temple,
Sobel, Feiden, & Kessler, 1993). Despite this mandate,
little is known about how gehder*éffeéts'recbvery time from
general anesthesia. Studies showing significant de¢réases
in récovery time for men or. women could.havé an impact in
civilian and military anesthesia.

Patient safety, pétient coﬁfdtt, and coét containment
are‘the impetus for much of the'research conducted by

anesthesia providers (Pasternak,. 1998). Song, Girish, &

White, (1998) found that the use of shorter-acting

intravenoué agents and potent inhalatiog‘dfugs decreésed
recovery time from general anesthesia. Following the use of
these newer agents, such as sevéflurane ahd propofol,
patients spend less time in the post anesthesia care unit
(PACU), generally experience less postopérative discohfort
and naﬁsea, aﬁd are discharged'home'earlier (Peduto,
Mezzetti, Properzi, & Giorgini, 2000). Additionally,
patieﬁts report a higﬁrdegreé of satisfaction with
ambulatory surgery assoéiated with'theﬁuse of the newer

anesthetic agents, and hospitals receive financial benefits

1




Effects of Gender

from decreased PACU workload and length of stay.
Wartime anesthesia shares many of the goals of

civilian anesthesia, but quick recovery and fast turnover

. times take on special significance. During war, patients
- must be moved out of the operating suite‘as fast as

‘poSsible to make room for the next casualty. Any technique

théticah'decreaserperating room turnover time and allow
PACU personﬁel to séfely cére for more patients will
enhance medical readiness and contribute to a successfulr
mission. Drugs the anesthesia provider chooses to use
during the administration oflgeneral anesthesia influences
the rate of recovery. Mﬁltiple factors inciuding the type'
of surgery and patient'demographics, specifically gender, .
have been found to play a rolé (Pavlin et al.,.1998).

Statement of the Problem

The purpose of this study was to determine if there

were differences in recovery times between men and- women

following general anesthesia with sevoflurane and propofol.

Rapid recovery and dischargé from the operating room is

important to maximize operating room time and conserve

‘material and personnel resources. Therefore, recovery time

must be considered when administering a general anesthetic.

While there is an abundance of research on differing
recovery profileé{for given anesthesia agents and types of

4

2




Effects of Gender

surgery, little is known about how gender affects overall

recovery time. S .
Significance of the Problem

As a result of the FDA mandate that women should be
included in clinical drug trials, researchers have

concluded that gender differences affect the

pharmacokinetics"and pharmacodynamics of various drugs. For

examéle{ WOmeﬁ received better pain/control following
‘administration of pentazocine (Talwin®) than did males
»(Gear et al., 1996). Péin control following surgery can be
optimized if anesfhesia providers consider identified
gender‘respohses to pain ﬁherapy. Vuyk,’OQstwouder/
’Vletterf Burm, & Bovill, (2001) found that the
pharmacokinetics of propofol\wésvsignificéntly (p < .05)
affected-by gehder. Women were found to have'a higher
metabolic clearance of propofpl, but a decreased peripheral
clearance. The authors»suggest fhat’lowef cardiac output
and higher body fat percentages of females compared to

males may explain the differences. Furthermore, the

" differences may explain why women have been found to

recover from general anesthesia faster than men. These:

results point to the need to administer propofol to women

3




Effects of Gender 4

at an approximately 10% higher infusion‘rate than men (Vuyk
et al., 2001).
Certain hormones and proteins vary between the sexes.

Harris, Benet, & Schwartz, (1995) state that oy-acid

~glycbprotein (AAG) concentration can be decreased by

ehdogenous estrogen.,Therefore, womeh may ekhibit decreased
AAG plaama concentratiohs. Because many drugs used in
anesthesia andergo AAG binding, this finding may afféét the
way men and women reCover.froﬁ general anesthesia. However,'
neither propofol norisevoflurane‘appear‘ﬁo be affeéted by
AAG binding.

During almuiti—cent;r study_designed.tb evaluate
bispectral indéx, intiaoperative managemeﬁt, and patient
recovery, researéhers unexpeatediy'discovered that women

emerged from general anesthesia with propofol, alfenfanil;

‘and nitrous oxide significantly faster (p <.001) than men

(Gan et al., 1999). Gan et al~suggestéd that women may

exhibit a decreased response to the same dose of a drug and .

" therefore awaken more rapidly from genéral'anesthesia.

Myles, McLeod, Hunt, & Fletcher, (2001) foundAa

significantly shorter time (p = .024) to emergence for
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women after general anesthesia but not a shorter time to
discharge from the recovery room. It has been suggested
that a“shorter‘recovery time from general aneSthesia mey
explain, in part; why women experience awareness‘dnring‘
surgery at a hlgher rate than men. An analy31s of closed
medlcal malpractlce cases from 1961 to 1995 revealed that
awareness clalms against anesthesia providers accounted for
1.9% of all claims. Seventy-seven percent of claims
involvedeomen 60 Years of age or younger, ASA_class I—II,
who hadreleCtive surdery lDomino, Posner, Caplan, & Cheney,
1999).

:It_is possible that there is a difference in the way
men and women‘respond'to all drngs. It is important to
determlne if dlfferences exist in order to choose agents
.and technlques thet will provide optimal anesthesia and
recovery proflles.

This study enrolled subjects.from s convenienCe.samole
of patlents who presented to a U.S. Air Force medlcsl
facility for surgery. The patlents enrolled recelved
general anesthesla with sevoflurane and a propofol
infusion.‘The anesthetic regimen’for each subject was

guided by a preoperative evaluation and was designed to

5
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-optimize each subject’s physiological énd psychological
state; no subject’s anesthetic plan was changed to support
the assumptions orvpurpose of the study.

Theoretical Framework

The framework for - this study is the theory of

consciousness (Figure 1). Consciousness is a broad term for

a complicated brain phénomenon that deals withisélf—
“-awareness and enVironmental intéractions,‘Young and Pigott,
(1999) describe several subdivisions of consciousness that

work together to form a.picturevof‘the world in humans.

\Psychosocial!
b ya
\

~ Gender [ : i PO

{ Genetics )

/’/Psychovopm\.\\
Drugs \
Pharmacokinetics |
“Pharmacodynamics”
\-///"'

Figure 1. Theoretical framework model.

6




Effects of Gender 7

The.majoi subdivisions are as follows: alertness,
attention, memory, the motivational system, and cognition.
Alertness is the quality of‘paying attention to,‘of the
,feadiness’to respond to, a stimulus. Attention isl
concentrating on an environmental feeture. Memory is:
retention.of ideas and experiences.vMotivationvrepresents
the impetue for action-ln}response to thoughts or |
stimulation (Stedman, 2002). Finally, cognition is the |
mental processes (awarenees, reasoning, and judgment) by
which knowledge isracquired (Thomas, 1989). |

This stndy focused on whethet‘gender éffects-time of’
return to consciousness after anesthesial Only eerly
recovery from general aneethesie»wes measured. This study
. did not evaluate other indicators of recovery snoh as
discharge times from PACU. Earlyvretuin to consciousness

(:ecovery from/generalvaneethesia) was meaSured by the
subject’s abilityvto both open his or her eyes and gripland
>release the lnvestigator’s’hand when instructed to do so.
End—agent sevoflnrane‘concentration values‘were'also
collected and recorded at five-minute intervals throughout
the case, but were not considered end points forbrecovery

in this study.
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PUIEOSG

The purpose of this study was to determine if gender

- effects recovery time from propofol and sevoflurane

anesthesia in adult patients.

Definition of Terms

Emergende; Conceptual definition: Recoﬁéry of funétion
after uﬁdonsciousness,»oftenassociated'with general
anesthesia'(Pﬁgh, 2000). Operétionalvdefiﬁitipn: The time
to initial eye opeﬁing onvcdmmand, following cessation éf‘
all anesﬁhetic agents. |

End-Tidal Agent. Concentration. ‘Conceptual definition:

The quantification of'exhgled.sevoflurane in the anesthésia
circuit reflective éf alveolar Qaé»concentratibns;
Operétional befinition:‘The end agent concentration of
sevoflurane was'measﬁred using the Ohméda_5250 respiratory
gas»ménitor. End-agent coﬁbentrationé were recorded'on the
daté collection todl at five—miﬁute intefvals.

Gender. Conceptual definition: Categorical placemgnt

based on male or female sex (Pugh, 2000). Operational

" definition: Patients were stratified into one of two

categories based on whether they were male or female.

Genefal'aneSthesia. Cbnceptual definition:

L
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Unconsciousness and loss of ability to perceive pain
associated Qith inhalation and/or intraveﬁous anesthesia
(Pugh; 2000) . Operatidnal aefinition: Anesthesia with
' uncoﬁsciousness,_ihduéed and maintained with‘sevoflurane
and propofél.»Patients were either spontaneoﬁsly breathing
dr assisted with ventilation. |

Recovery time. Conceptual definitibn: “Emergence from.

general anesthesia.” (Pugh,b2000, P- 1534).-Opefational
.definition: The time period from the discdntinuénce‘of
anesthesia uhtil ﬁhe pétient spOntaneously opened>theifl
-eyes and the time qntil.fhe pétient could follow.the

command to squeeze and release the fingers of the

investigator.

Research Question
Does gender affect recovery time following general
énesthesia with propofol and sevoflurane?

. Assumptions

The assumption for this study was:
Reéovery time from general anesthesia is effected by
gender unique differences in pharmacakinetics and

pharmacodynamics.

9
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Limitations

The limitations.of this'study-were:

’1; The_studywas a COnvenience.sampling of milit;ry
members and their depéﬁdents-and therefore, may not be
éenerélizable. |

2,Admihistér;ng additional drugs, such asbmusc;e
,relaxants'of‘opioids, may have éltered recovérQ‘timeé.

3. The type‘and duration of the:surgical pfocedure méy
“have affected recovery times. | |

4. Any significant results identified with a sevoflurane
and propofoi combination are nét generaliZable to other
gerieral anesthetic‘agénts. |

-5.StétisticallyVsignifiéant recovery times between men
and wémen.may not be cliﬁically significant: |

6. This study was not aesigned to determine causative
faétors'for any significant results.

l | Summafz

The rate at which patients recover from genefal
fanesthesia détérmines whén they are discharged from the
PACU and when they»are able to feturn»homé; Recovery time
is influenced by multiplé factors including the type'of

anesthesia, type of surgery, and gender. Little information
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exists about how gender affects recovery time. This study
attempted to determine if gender influences recovery time

from sevoflurane and propofol general anesthesié{




CHAPTER II»
Review of Related Literature
This study was designed to détermine if gender affects
récovéry time from sevoflurane and perofél anesthesia.
Many factors can affect thé pharmacokinetic‘and

pharmacodynamic reaction to drugs and inflience recovery

- from general anesthesia.

Pharmacokinetics and PharmadodynamiCS

The mechanism bf'action of anesthetic drugs is poorly
understood"and many factofs contribute to individual

variations in emergence from anesthesia. However, all drug

actions in the body are governed by the principles of

pharmécokinetics gnd pharmacodynamics. Ehafmacokiﬁétics is
“the study‘of what the bodybdoes to a dﬁug” and
pharmacodynaﬁics is‘“thevstudy of Qhat ﬁhe drUg does to the
body” (Shafer; 1998).'The principléé of phérmécodyﬁamics
andlpharmécokinétics must beVCOnSiQered‘during any stqdy-
that focuses on drugs and their'éffects on the human body.
Two key pharmacokinetié‘principles:are.volumé df
distribution and clearance. VOlumé pf disfribution is drug
movement from thé point of entry in»fﬁe bédy to'the organs

and tissues. Clearance is the body’s ability to remove“the

12
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drug from the blood or plasma and is usually expressed as
an amount of drug removedvper unit of time (Shafer, 1998){
Gender‘cén influence pharmacokinetics. For example, women
secrete leéé gastric acid and have'sléwer gastric‘emptying
thén,meh (Belerle, Meibohm, &’Derendorf,v1999). This
Vdifferencélcan alter the times of absorptioﬁ, oﬁset,.éndv
‘elimiﬁation of oral medications; Séaber et al., (l997)

' found that Zoltriptan hadla decreast volume of
distribution.in men»as compéred to women;, although they
could not documenf a clinical difference.lBoth volume of
‘distribution andlcleafance‘are lmpbrtant conéepts to.
'coﬁsider as.fecovery time from éeneral\énesthesia‘is
studied.

Pharmacodynamié components,'séecificélly receptor-
ligand interéctioné,:are alsoAimportanf concepﬁs to
consider. As deécr‘ibéd by Shafer, (1998) the gamma amino_'
butyric acid (GABA,) macromolecule receptor‘is.a ligand
actlvated éhloride ion channel. When acﬁivated, by GABA,
the receptor allows a flux of éhloride‘into the neuron
‘resulting ih‘hyperpblarization and prevention of neural
tissue‘depolafizatlon. Propofol is a.generél anesthetic

that functions through the GABA, receptor.
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Sevgralftheories have been proposed to explain the
functioning of potent inhalafiqﬂ anesthetics; The Unitary
Theéry‘proposes that all genefal anesthetics héve'the same
meéhanism‘of action. Conversely, the begenerate Theory.
suggeéts that eachlglass of genefal‘anesthetic.works‘
through an independent me;hanism (Milléfk& Alifimbff,
1998) . Just as thefe is dissensionrabout»how the‘generai
anesthetic agents fuﬁction, whére théy work is also in
qﬁestioﬁ.‘Miller'& Alifimoff, (1998; discgssed_three‘
probable sites of action‘for general aﬁesthetics; cellular
‘Protéins,'the lipidvbiléyér of Celiular membrénes,—and‘thé, 
lipid protein interface. Giéen the lack of knowiedge about
hpw and where potent inhalatioﬁ»égents-work, it is not
surprising that liffle information ié available céncefning
.gendef specific affeCt§4of'these agents.

Althouéhvthis study‘wililfééus'oﬂ-hbw génder affects
recovery time from anesthesiaﬁ-other possible factors need
to be déscribed briefly. ThéSe other possible influences |
include genetics, spcializétion, age, and hérmone levels.

Genetics has a strong infiuence on how an individual
responds to drugs’including anes?hetics and aﬁésﬁhetic

adjuvants.'Malignant hyperthermia is known to be related to
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genetic alterations in rysnodine receptors in humans.
(Keating et al., 1997). Collins et al., (2000)'studied
recovery»from'rocuronium inA36 Caucesiansend Chinese women
and 364Ceueasian and Chinese children. The& found
rrocuronium duration was signifieantly loﬁger (p <'.05) with
a 10 minute diffeteﬁdefin adﬁltsAand 6 minute difference in
~children for both ChineSe‘ana Caucasian.adults‘and's
chilaren. However, the study was limited by a-sméll sample(
size. In a study comparing reeoVery‘timestfrom remifentanil
and propofol anesthesia, Ortolsni et al. (2001) feund that
Senegalese African Blacks took longer to recover than
Ital;en.CaﬁceSiahs;

Studies have shown age to be a_fscter in patient
responses to dtugs. Gfeenblett et al.; (1984) compared
midazolam kinetics in yoﬁng (24—37 yrsi and older (60479
‘yrs)‘men ahd women. Their study showed a statisticellj
significant increase (p < .0l) in midazolam elimination
half—life and.decfeased elearanee in older ﬁales.compared
to yeunger males. Comparisons of the female grosps‘showed
similar but not statistically sigpificant results. Altered
elimination and inereased half—iite of a drug such as

" midazolam can affect consciousness and recovery from-
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anesthesia and must be éonsidered in the analysis of tﬁe
resulté of this study. Hooper and Qing, (1990) found
another example of age-related pharmacédynamic:and
pharmécdkinetic differénces,in humans."They discovered

significant gender and age specific differences in the

metabolism and clearance of mephobarbitalQ Young men

cleared the drug faster than older men and faster than
women of all ége'groﬁps. However, elimination in elderly
men was not significantly differént from elderly women.

Obesity can affect the pharmacokinetics and

- pharmacodynamics of drugs. One importént characteristic of

drugs is their lipid solubility. Abernethy,fGreehblatt;
Divoll, . Shader, (1982) found the half-life of the lipid
éoluble>drug,Adesmethyldiazepam, fé be longer in obese - “
subjects than non—obése subjects. The difference was
believed.to be secondéry t6 a much larger voiume of

distribution for this drug in the obese patients. In 

contrast, Abernethy, Greenblatt,»& Smith)‘(l981) found that

the volume of distribution of digoxin was not affected by
obesity, since digoxin distributes mainly to muscle tissue.
Ideal body weight needs to be cbnsidered when dosing

medications. For the purposes of this;study anYone with a




Effects of Gender 17

body mass index kBMI) greater than 30% of their ideal body
weight (IBW) was excluded. |

The foeus of this study‘was the effect of gender on
recovery from sevoflurane aﬁd\propofol aﬁesthesia. Whiie
there is little information in the iiﬁerature about gender
differences ih‘anesthesia recovery, fhere is considerablef'»
informétion on gender'differences‘in ﬁhe phermaCokinetics
and pharmaeodynamics;of meny'drugs.eGender‘affects drug
actions in‘many ways and the rest of this chaptervwill
focus oh these effects.

One>major eifference between ﬁen and women is theu
hormonal chanées,aseeciated with menstruation. Studies have
ehowp thatrdifferehces in hormone levels during‘the
menstrual eycle affect)the phefmacokineties and.
pharmacodynemics of some drugs.‘Nayak; Khirsaéar, Desai, &
Satoékar, (1988) compared the eliminatiohvof ahtithine ie -
men and women and.found'fhateeliminatibn was faster in -
women on days 15 and 21 of their ﬁenstrual cycle as -
compafed to day Si Male éubjects did'not show concentretion
fluctuations ef antipyrine in their urine.‘HeQever, Abdu- .
Aguye, Dunlop, Patel, & Turner, (19865 found he menstruai’

cycle related differences in propranolol pharmacokinetics

T
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and KirkWood, Moore, Hayes, DeVane, & Pelonero, (1991)
feund nO'difference in alprazolam metabolism at diffefent
stages of theimenstrual cycle. The original plan of the
study was to askvall femalee enrolled to identify the first
day ef tneir.last-menstrual period (LMP); The data was to -
be recorded on the deta collection teOl and.analyzed.
‘against recoveryAtimes. This data was not reliably“v
cellected and no analysie Waslcompleted.

Oral eontraceptive use>by females must elso be
considered.as these meaicafions alter natural.hormene»
levels. Roberts{ besmond, Wilkinsbn) & Schenker, (1979)
found e small, but eignificant, diffe:ence in plasma
binding levels of alprazelem_between women on eral
contraceptives'and wonen not on eral contraeeptives.-The
authors‘alSO found piasmafprotein binding differences
between women whOIWere‘not taking ofal contraceptive
steroids and men.

Liver enzymes, such as those responsible for dfug
metabelism,bcan show gender specificity and differences in
these enzymes can produce diffetences in drug meﬁebolism.
An in vitro study of hﬁmanvliver CY3PA enzymes showedi24%

higher activity in females over males (Hunt, Westerkam, &
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Stave, 1992). Propofol is extehsively metabolized in the
liver whereas sevoflurane is eiiminated mainly via the
iung.

Plasma protein binding is'importaﬂﬁ for the ‘biologic
availability and clearance‘of medicatibns‘and some gender
Vrelated differences ih plasma protein'binding have been
found.‘Verbeek, Cardinal,b& Wallaée,’(1984) foﬁnd_a(
clinically significant’increase in al-acid giycoprotein
plasma concentrations in older men whilé oldef womén_did'
not show this incréase. A study’by Routledge, Stargel,
Kitchell, Barchowsky, & Shand,‘(l981) showed al—acid
glycopfotein levels tO’bé reduced in- women compaféd to,men
and to be further reduced-in women taking estrogen ‘
'contraceptives. In their study, dl—acid glycoprotein levels
Qere inversely pgopdftidnal to the"lével of que‘lidécaine‘ 
~in the blood.

Differenéés in»nociception have been noted between men
and women. In a study pf oral surgical patients (Gear et
al., 1996) treated post—operativelpain with‘nalbuphine and
Vbutorphanol. Both of these medications primarily act at x-
opioid'receptors in humans. In this study women shoWed more

analgesic effect than men, as indicated by their responses
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on a visual analog scale. The amount of medigation given
was adjusted for body weight. The authors believe this to
be a fésult of gender differénce in endogenous K—épioid pain |
ﬁodulating péthWays. Another study involving ibuprofen
(Walkef & Carmody, 19985‘showed.satisfactory pain reiief in
men and almost no pain relief in women. The oﬁly méﬁor
pharﬁacokinetic difference noted was a two-fold léfger
volume Of,distributiph iﬁ the female subjects. Whén

: morphine! which primariiy aéts aﬁ p—opioid'réceptors,vwas
compared between men and,wémen a marked aifference wés
observed. Morphine exhibited a sloﬁer'oﬁsetbin women with
more potent and lQnger.lasfing effeéfs (Sarton et al.,
2000) .

Thisbstudy'used sevoflurane and propofol for
maintenance of general anesthesié. These‘agents-havera long
history of safe and effective use, but they are nét
“perfect. Practitioners have used volatile anesthetics alone
or in conjuﬁctionkwith Iv anesthefic dfugs té achieve
desired effeéts on patienté. The quest for the ideal
anesthetic agent is ongoing. ThisAideal agént shouid
pro&ide‘rapid; smooth; and pleasaﬁt induction[.facilitate

maintenance of an adequate depth of.ahesthesia, lack intra-
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operative side effects, and result in quick emefgence with
short recovery-time without post-operative side éffects_
(Smith, White, Nathanson, & Gouldson, 1995). Somé commonly
used agents cbme close to\this ideal bUt»do not‘possess all
_of the desired characteriéﬁiés.

Sevoflurane

Sefoflurane is a'methyl—isqpropyl ether and has a
blood;gés parﬁition coefficient of 0.69 (Strum & Eger,
- 1987) . This low solubility contributes to a rapid induct;on
and emergénce from anesthesia as chpaied to most‘other
volatile aneéthetics;bIt is thevleast pungént of the
.~ volatile agents, lééding to decreased breath hdiding,
airway irritétion, excess sal;vation or léryngospasm (Smith
et al., 1995). |

A group of patients,iwho were premédicated with
fentdnyl then exposed to 5% sevoflurane wifh 67% nitrous"
oxide in oxygen, were induced in 109 seconds. There were no
adverse airway eventS‘hoted. In unmedicated patients,
induction was evén more rapid using a'Single vital capéCity
bfeath induétion.technique. The single breath technique
permitted eaflier loss Qf unconsciousness, averaging 54

seconds (Smith et al., 1995). Sevoflurane has also'proveh
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to be an effective drug for induction of general anesthesia

children. Infants lost eyelash reflex in 54 seconds, and

children ages 3 to 12 lost this reflex in 76 seconds.
Anesthesia with sevoflurane has also had a low incidence of

respiratory complications (Lermén, Sikich, Kleinman, &

Yentis, 1994).

| ‘Du;ing maintenancerf'génerai énesthesia the degree of
control over the depth of anesthesia4has.beenidefined as
the difference between anesthetic conbentrationrdeiivered
by the vaporizer and the resultant alveolar concentration |

(Smith et al;,_1995).’The'rativothhese two concentrations

' is determined by the degree of rebreathing by the patient

and the uptake of.agent'by tissue. An inhaled agent with a -
low blood-gas coéfficient will ha&e a‘lower ﬁptéke than a
more soluble agent, thus allowihg more prééise control over .
the anésthetic effect (Smith et al., 1995). Cardiac output
is 6ne factor ﬁhat can affect‘the'uptake and déiivery of
the agent..sévoflﬁrane is not associated with an increase
in.heart rate or incieased myoCardial céﬁsumptibn ofboxygen
(Smith et al., 1995);

| The solubility bf-sevpflﬁrane contributes to its fast -

elimination. For surgeries lasting one to four hours,"
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emergence Qith sevoflurane was 4!1 minutes, as compared
with 6.7 minutes with isoflurane.(Smith, Ding}'&.White,'
1992). A mﬁltiecenter trial comparing_aevoflurane and
‘isoflurane for ambulatorybsurgery also,found that
sevoflurane was associated with a faster emergence time,

but the patients were not ready to be discharged any soone

23

r

than the isoflurane group (Philip, Kallar, & Bogetz, 1993).

-Sevoflurane with nitroﬁs o#ide and desflurane With

nitrous oxide were_compared for maintenance of anesthesia
¢ ' » ,

- in women undergoing outpatient laparoscopic sterilization
procedures (Nathan,bFreedman, Smith, & White, 1995)._Nd
significant differeﬁcesrin recovery and hospital discharge
.we:e noted. | |

Sevoflurane is metabolized(to ftee fluoride and
hexafluoroisoptopanol. Hepatic”cytechrome P450 2E1 is the
main isoforﬁ responsible for sevoflurahe'metabolism;
Patients with liver disease‘ﬁay have altered sevoflurane

elimination (Kharasch et al., 1995).

Propofol

Propofol, an intravenous (I.V.) sedative hypnotic, is
commonly used for sedation dﬁring minor surgical and

diagnostic procedures as well as for induction and
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maintenance ofvunconsciousness»during general anesthesia.
Propofol’s rapid induction and recovery profile has made it
a popular anesthetic agent in both inpatient and outpatient
surgery. |

Clinically 1mportant properties of propofol include
rapid onset of hypn051s and unconSCiousness, depreSSlon of
cardiovascular and respiratory systems, decreased cerebral
rblood flow,’and limited analge51a Propofol has also been
assoc1ated Qith a low 1nc1dence of postoperative nausearand
vomiting (PONV) (Fredman et'al., 1995).

Hypnosis, followed‘by unconsciousness, is rapid after
administration ofvan intraﬁenous bolus of propofol as the
drug moves‘quickly_froﬁ‘the blood tokhighly perfused-
tissues (including the brain), then to muscle, and finally
fat. Propofol’s high lipophilicity allows rapid penetration
of the blood-brain barrier where it acts at- the GABAA
receptor to 1ncrease chloride conductance, decrease
neuronal excitation, and provide unconsciousness. The
blood-hrain eqnilibration half—life has been estimated at
2.9 minutes but may occur in as little as 90vseconos
(Schuttler, Schwilden, & Stoeckel, 19865. | |

Individual sensitivity to propofol and how rapidly




Effects of'Geﬁder 25

propofel reaehes>it effect site determines hew.rapidly one .
loses consciousness (Wakeling, Zimmerman, Howeli, & Glass,’
1999). The onset of propofel is determined by cardiac
output and volume of distribution. Volume of distributioﬁ
of prdpefel, a highly lipophilie drug, is depeﬁdent on the
ameunt of body fat. Women generaliy'haVe'a higher percent
(of body fat than men (Vuyk et al;, 2001y . |
When a propofol infusion is turned off the o
cencentration in the eentral.compartment is higher fhan iﬁ
the poorly perfueed compartments, and redistribution
continues to these sites. Once redietribution ceases
propofol begins to elewly return from the peripheral te the -
. central COmpartmeht. This sleﬁ return is manifested as a
long terminel elimination-half—life (twg) , which eoeS'not
appear‘to be clinically significant. Primary metaboiismxof
propofol occurs rapidly in the liver and recovery from a
propofol inéusionAis repid (Hughes, Glase,~& Jecobs, 1992).
‘Hughes et al., (1992)‘proposed the eoncept of context-
sensitive half time to expiain tﬁe elimiﬁation patterns and
recovery fromranesthetic agents.-Theehaif‘time refers to .

the amount of time required for the concentration of the

agent in the central compartment to be reduced by one half.

t
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Following propofol infusidns‘of up to three hours the’
context Sensitivé half time is 25 minutes.

| Propofol is a cafdiovaécular depressaﬁt. Hypotension
following ;ntravenous administration is common, but rebound
tachycardia doeS»not usually accompany the decrease in
blood pressure. Kazama et al., (2000) found that éystolic
leod pressure valués decreased as propofél induced ‘
sedation increased{ In a study of women, Vuykvet'al.,
(19'92)- found both the diastolic and systolic blood
pfessures decreased before hypnotic effects of propofol
were notéd. Wakeling et al., (1999) féund an average
decrease in meén arterial pressure (MAP) of 23-25% for ail
stpdy'participants (both men and women) receiving propofol.
As well és the cardiovascular effects, induction doses of )
propofol effectively reduce tidal volume; depreSs
respifation,'andvblunt phéryngeal reflexeé.’These.changes
facilitate endotracheal intubation (Bryson,_ﬁulton,>&
Faulds, 1995). |

Visser, Hassink, Bonsel, Moen, & Kalkman; (2001) found

that récovery time was significantly sh&rter (115 miﬁutes

vs 135 minutes, p < .001) and postoperative nausea and

vomiting (PONV) was significantly reduced in patients
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receiving total intravenous anesthesia (TIVA) with propofoi
and aii compared to isoflurane¥nitrous oxide. Women were
found to:suffer more PONV (p < .001) than men in both the

" propofol énd isoflurane groups. A study by Ebert, Robinsoﬁ,
Uhrich, Mackenthun, & Pichotta, (1998) found that therev'
were no significant differences between éevoflu;ane and
.propofol with reSpéét to reéovery time or PONV._Fredmaﬁ;'et
al (1995) reported that the use of‘seVoflurane for |
iﬁduction or maintenanée of anesthesiauresulted in a higher
incidence 6f‘PONV when comparédvto propofol.

There is debate whether oiinot propofol possesses
analgeéic propertieé,‘and if it does, to what dégree. In a
study of 21 women uﬁdergoing lower abdominal surgery
. propofol waS'found tO'reduce.thé ndcicéptibn of painful
stimuli in the uncéhscious female patient (Vu&k et al;,
1992). |

Recovery from general-anésthesia ié depéndent oﬁ the
pharmacokinetic and pharmacodynamiC'profiles of'thevagents
admihistéred. Gendér has_been shown to affect the
pharmacokinetics and pharmacodynamics of prbpofoI.NGan et
al., (1999) discovered'thaf women unexpectediy reco&ered

from a general anesthetic with propofol and alfentanil
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significéntly faster than men (p < .05), although there was
- no statistically significant difference in the drug dosages
administered. Time to eye'opening for women was 7.0 * 5.2
minutes and 11.2 + 6.23 ﬁinﬁtes in men. Time:fo first

‘response to verbal command was 8.12 + 6.23 minutes for women

and 11.67 + 8.61 minutes for men. Reanal&sis)of data from
Glass ef al., (1997) found that women had siénificantly‘b
higher BIS values than mén’at the same propofql
concenfratioﬁ and the propofoliconcentrations fo;'women ét
'thé point of‘unconéciousness were Significéntly higher than

~ those of men.




CHAPTER IIT

.Methodelogy
Men'and woﬁen have been found to respond differently
: to‘certain drugskand it is possible that this gender
differencetis_trUe for all drugs. Mere.research'is neeaed
to describe how men and women respond to generai
anesthesia.‘There alse has been little research describing‘
how gender affects,overall snrgical recovery time. This
study attempted-to determlne 1f gender 1nfluenees recovery
tlme from sevoflurane and propofol  The anesthetlc regimen
.for each sub]ect was guided by a preoperatlve evaluatlon
and was-de51gned to optlmlze each subject's phys1olog1cal
‘ and psychologlcal state, no subject’s anesthetlc plan was
'changed to support the assumptlons Or purpose of the study.

The study was a descrlptlne, non- randomléed qua31—’_

experrmental des1gn. In this chapter the follow1ng w1ll be
dlscussed.vthe populatlon, sample, settlng,»v
'instrumentation,ﬂdata eollection procedure, protection of

human‘subjects, study design, and data analysis;

Population, Sample,'and Setting
Subjects were selected from a convenience sample of
“adult patients presenting for non4emergent surgery to

‘Wilford Hall Medical Center, a United States Air Force

29




Effects of Gender 30

medical treatment facility"loCatedvin San Antonio, fexas.
An a prlorl ‘power: analysis based on prev1ously publlshed |
data 1nd1cated that a sample size of 40 (20 in each group)
was needed to detect a medlum to large effect (. 25) with a
:power of_.80 and alpha at ;05. Gan,»GlaSs,_& Windsor,
(1997) used a eample gf 96 men and 178 women~with a medium
effect size to show a statistically significant.differencev
in reeovery time of 3.55—4.17 minutes: While statlstlcally
V51gn1f1cant thls small 1ncrement of tlme is of llttle
cllnlcal 51gn1f1cance. This study sought to determlne 1f a
cllnlcally 51gn1f1cant dlfference in recovery time (> lO
mlnutes) between meh and women ex1sts fellgw1ng general
anesthe31a.w1th sevoflurane and propofol For this study, a
small sample eize and medium to large effect were adequate
- to deteetfa latger time intervaL. |

Stndy participants were stratified based on theit
stated gender} A stratified aampiing schednle was_used téd
ensure an equal number of.men~and WOmen_who met tne |
folloning inclusion criteria: Ameriean Societyvof‘
Anesthesiologist (ASA) claseification I OrvII aged 18-55
' who underwent a non- emergent surglcal’procedure lastlng 45-

180 minutes. ASA I classification 1ncludes normal_healthy
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patients; ASA II patients are those with miid systemic
disease that does not cause functional impéirmént (Mofgan &
‘Mikhail, 2002). Subjects enrolled in this studY’received
standard Qf“care ahestﬁesia.guided by a prebperative
evaluationvof their physical and psychological status.

_ Excluded from the study weré individuéls with a bodyl‘ 
mass index (BMI) >3.o‘% of their ideal body weight (IBW) ,
‘thqsé who.had generél aﬁesthesia within the previous two
weeks, and feméles,Who were prégnant.:Thééé factors affect
ﬁhe uptake, distribution,.and eliminé;ion of drugstand may
infiuénce»réCOVery'timé.

‘Instrumentation

»'The-p;imary outcome variable of iﬁterest was time to
~recovery from‘geﬁérai anesthesia; Recévery_froﬁ'generai B
anesthesia was'défined as the subject’s<ability.£o bOthv
open their eyes and gripiand reléase the in&estigatof’s
hahd when instruéted té do 55. Eyé opeﬁing and the abilityb
to foildw commands ére weil déScfibed in theuiiteréture as
accurate measures of eariy recovery frémvgenefal
anestﬁeéié. Smith eﬁ al., (l9§2) in é study involviné woﬁen
only, found the time from’cessation of anesthetic aéehts tQ
eye opening ahd résponse té simple‘cbﬁmands to be

1
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iﬁdicativé of récovefy from propofol;‘se§oflurane,
isoflurane and/or:hitrous oxide;vMyles, Hunt,‘Fletcher;
Smart, & Jackson;'(ZOOOZ in a study of ﬁen and women,.aiso
used eye 6péning'and ability to folle coﬁmands to iﬁdicate?
;reéovery from general anesthesia. The anesthetics used in
their study Were proéofol, thibpental; Sevoflurahe} and(

' iséflurane:’ N |

‘Data collection tool. Instruments used in this’studyb

were a déta COllection tool (Appendix:A) éﬁd the Ohmeda

- .5250 Respifato;y Gas Monitor. The data collection tbbl was .
an original‘dbcument created by the fesearchérsbfdr,this
study; it'héd not pfeviouSly been used. All‘iﬂformation
pertinent to the sfudy Wés recorded on thisvinStrument by a ;
study inVestigator.‘Subjecﬁ demogiaphics récofded were 1
height, wéight, age, ASA status, surgical proéedure,'leﬁgtﬁ‘
of procedure, and medicationé adminiSﬁeréd during the
intraoperative period.kMedicétién doses-énd,admihistratiqn

| times, times‘to.eye dpening and hand grip/releasevwere‘also
recdrdea.t o |

Respirétory Gas Monitor. The quantification of eéxhaled

sevoflurane in the anesthesia circuit (end-agént

concentration) was measured using the Ohmeda 5250
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respiretory gas monitor (RGM).-The-Ohmeda 5250 RGM has a
\;ange of 0 to 8.0% (i 2.0%), and fesolution of b.l% (Detex-
Ohmeda, 2002) . End agehf concentrations were recorded on
the data eollection_tool'at_five—minute intervals until tﬁe
agent was tﬁrned off. After eevoflurane was shut off, the
_end-concentration was measured every one minute as
‘described below.

Prior to the etarf of the stﬁdy all iﬁvestigators'
'received instfﬁcfion‘oﬁvthe-correct_doCUmentation procedure
as well as hoW to assess recovery endipoints. A faeﬁlty
memberrindividually‘essessed the investigators.‘Thie
instructioh and subsequent'observation.served'to-insupe

inter-rater reliability.

ProCedu:e‘for Data Coilection

Demographie deta was recbrded'en the data coliection
tool when tﬁe subject.was.ﬁet in the preoperative holding
area. BaSeline vitels signs (blood pressure; heart and
respiratory rate, teﬁperature)»were recotded'atpfhis'time
Following initial Qata'col;ectiqh the pafieﬂt received
standard—of+eare prepafétién,and anesthesia{

Preoperative anxiety was attenuated‘with midezoiem

0.03-0.1 mg/kglintravenously (i.V,) Subjects were then
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transferred to‘the operaﬁing room and placed on standard
monitors,-PreoXygenation was accomplished withleO% oxygen
‘administeredvvia facemask:for five minutes;

General anesthesia‘ﬁés inducedzﬁith prqpofOLv

2mg/kg 1.V., fentanyl 2 ng/kg I.V., and vécuronium'o.l

_mg/kg I.V. If rapid sequence intubation (RSI) was'requifed
'sﬁCCinylcholine'i;SAmg/kg>waS substituted for vecuronium

and appropriate'éspiration prophylaxisv(ranitidine 50 mg

I.V., metoclopramide 10 mg I.V., and Bicitra 30 ml by

mouth) was administered. All other induction'drugs remained

| the same during RSI. The'subject’s trachea was intubated

once adequdate anesthesia was obtainéd as shown by étandard
indicato;s; |

General’anesthesia was maiﬁtaihéd with sévbflufaqe
delivered at a'concen£ration to ensure adequate anestheSia.
Pfopéfol was infusedvintravénously'at_lOCmcg/kg/minute.
Fresh gas'flow waé'maintained at 3L/minute‘and vecuronium
boluses (0.8 mcg/kg I.V.) Qere administered as indicated tb
maintain adequaté-neuromuscular biéckade. Fenﬁanyl Qas
administered as degmed éppropriate by the anesthesiajr

provider to insure adequate analgesia. Subjects requiring

more than 3'mcg/kg/hour of fentanyl for analgesia were
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removed from the study, as‘highvdoses of opioids may.
interfere with the recevery profile of sevoflurane and
propofol.. |

Discontinuatien ef, and emergence frOm; general
anesthesia'was accomplished'in the felloWing manner.vThe
‘propofoi infusion was diseentinued 20 minutes before'the
end of the case. End of.the case was defined as the eoint
when it was appropriate to extubate ﬁhe patient.'
Sevoflurane wasediscontinued‘five:miﬁdtes beforeethe end of
the case. The discontinuation of sevefluraﬁe was fecofded
as ﬂime zero. At’time zefo fresh gas flow was increased to
10L/minute. Neuromuecularibiockade wee re&ersed'with the
i.V..administratioh of neoetigmine 0.05 mg/kg and
.glycopyrolate O.bl mg/kg. |

In order te asSese"reCOvery endpeints; Subjectsvwere
asked to open their eyesvand grip end then ;elease thei..
investigatore hand. Assessmentsewe:e made and recorded
every one minute from time.zero.‘Recovery end pqints‘were
met wﬁen fhe subject could oben his or her eyes and'gfip
and'releaee ﬁhe inVestigater’s hahd’when asked to do so.
»Sfandard pestepefativevcare»wes provided'for all subjects.

Recovery data was collected and recorded_by study
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investigators in the following manner. Starting at time

zero the investigators requested that the subject open

36

théir,eyes by étating "Mr/Ms/Mrs (subject’s name) open your

eyes and squeeze my fingers”. The inveétigator spoke in a

conversational voice while standing at the subject’s head

and plaéed their middle and index fingers in‘the subjegt's

hand. The request was répeated at one-minute intervals as

indicated by the wall clock. The results of the request

(eye opening/no eyé opening, hand grip/no handigrip) were

recorded on thé'daté‘collection sheet. If handgrip was

PR

elicited,‘the investigator then said “Mr/Ms/Mrs (subject’s

name) release my fingers” in a conversational voice. Once

the subject opened their eyes and gripped and reléased the

investigator’s hand thé recovery endpoints_were met.vEndf
agent sévofluraﬁe'ievels were aiso‘recorded at thetsame
one—minﬁte’interﬁals and when the recovery end point was
met. |

Protection of Human Subjects

To enéure protection of the human subjects enrolled,
this study was approved by the research Institutional
Review Board (IRB) at Wilford Hall Medical Center.

Additional subjéct_protection wés provided by obtaining
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written infofmed consent.from-all those enroiled (Appendix
B). Only uncompromieed; adult subjects, ASA I or II,’were
included. Privacy and confideﬁtiality was assured by
removing identifying infermation from documeﬁts used in the
study;'Subjects were feferred’to'by a numeriCal(code éﬁd'

Anot identified~with'theirknéme.

Study deeign

The study design’waska deScriptive,-non—randomized,
.quasi—experimental. Study pérticipants were}sﬁratified
'based on theif stated gender. The sample censisﬁed of an
equal nUmbef of men and women.

The standard ofleare anestheeia was not‘adjﬁsted to
meet the anesthesia requirements of>the'etudy. Oniy N
-subjects‘who'would, as apart of fheirvcafe, receive the
epecified anesthetievregime were iﬁcluded in the study.

As with any quasi—eXperimentel design, threats to
. infernal Validity éxist. In the study a selection biae was
apperent because randomization of‘gendef.is nothpossible.
Failure to randomize, risks greup inequali£y. Additionally,
an instrﬁmentation threat may be reflected in the sfudy.
Different investiéaters were pfomptingeSubjeets te open

their eYes and grip/release the investigator’s hand. Tone
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of voice énd vo;ume, as wéli as pressuré'eXerted during
tactile stimulatién_méy be difficult to control from one
investigator to’another. Instruction on how to elicit thé
desired responses‘fromvthe subjects was givén to all
inVestigators’prior to the starflof the_study,
Additionally,‘each investigator practiced eliciting
responses from subjeéts béfore one'observerl This observer
made necéssary corfectiéns invtechniqpe to'énsure all
investigators elicitedrrésponses.in the same ménner,

Data analysis

' Demographic data were analyzéd using the Students t-
test. The time to eye opening, hahdgrip and ‘total time to

- recovery were analyzed using the Mann-Whitney U test.

'Significance'was set at 0.05 with a power of .80.




Chapter IV
Aﬁalysis of Data
Chapter‘IV preSents the results of the staﬁistical
analysis éf the collecfed_data( SPSs® version 11.0 for
Wiﬁdows®‘was used'for analysis. Prior to the étart of.the
study all investigators receivéd instruction on‘the corteét
documentation procedure as well as>hbwvto assess recovery‘
.ehd points. A faculty'ﬁember assessed eaéhiinvestigator to
enéure that each was éolleétiﬁg the end point data in the
"same manner. This instruction and subsequent observation

served to insure inter-rater reliability.

Descriptioh-of Sampie

Fifty-four subjects wefe consentéd for this study.
Four subjects were diseﬁfolled‘after exceeding the
parémeters,vleéving 24 ﬁen'and 24 women compiéﬁing fhe
r~study. The sample consisted of 30 ASA I and 18 ASA II
subjects (Table 1) . Weight range was. 52 - 1@7 kg with é
méan 6f\76.3 kg and a SD Of 14.2 kg. Procedure timexranged
from 45 minutes to 180 minutes with a mean of 108 minutes
(SD 36.3).'Surgéryxfype ahd length of surgery were also
'compared between_mén and women (Table 2). The Studeﬁt}svt—
test_waé used to evaluate all demOgréphic data. No |

significant differences were found.

-39
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Findings'

Table 1

Gender Distribution of ASA Status and Age

p)

Gender ASA I . ASA II Age Range/Average

Males 17 (56.7%) 7 (38.9%) 19-55 (31.75)

Females 13 (43.3%) . 11 (61.1%) 18251 (30.92)

Table 2

Gender Distributionnof Surgery Types

Surgery ‘ Male : : Female

Oral ‘ ' 4 ' 1
Orthopedic 6
General 6

Urology 4

~N O W w

ENT ' 4

Gynecologic 0 11

Surgery Type for-One'Subject Not Available
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- Time differences to eye opening, hand grip/releese,
’and'total'minutes'toAreco&ery‘were anaiyzed using a Mann-
Whitney-U'testﬂ No statistically or clinically significaﬁt
‘difference in recovery time was found. Table 3 shows the
median data for recovery‘endpoints.by gender.

‘Table 3 | |

Median Times te Eye Opening

Gender  °  Minutes to . Minutes to . Total minutes
_ eye opening hand grip  to recovery -
| release
Males 9.0 - 9.5 9.5

Females 7.5 8.0 , 8.0




~ Chapter v
DiscuésiOn, Concluéions, Implications, Récommendations
| This study was conducted to détermine if gender‘
affected:the recovery.timébfrom éevoflurane aﬁd propéfbl 
general anesthesia. Historically;'women have not béeni
included in human pharmacoiogic research and little is
_known‘about gender_differences in reCo&ery'time from
:géneral anestheéia. This,stddy was designed to‘determiné'if
men and women recovéred at différeﬁt rétes'and, if sé, was
the difference large:enbugh to warrant consideration in
military contingenCy pianning.
| The remainder of this chapter includes a discuséion of
the results in light of the researCh‘findingsrof othérs;
fhe cbnclusions diawn frbm thié study, impliéationsvfor
nursing, and reébmmendatiéns‘for further reseafch. |
| Diséﬁssion.

Theurésearch question.for this study was “Does génder
affect recdﬁery time from gqneral anesthesiavwitﬁ propofol
and éevoflurane?” The}assumpfionofvthis stﬁdy was
uRecbVery t;mé f;oﬁ general anesthesia is effected by
-genderéﬁniqﬁe.differences in pharmacokinetics and
pharmacodynamics.” Diffefences in recovery times were

determined by measqring‘time to hand grip and eye opening.

42
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Based on discussions with military anesthetists and
recovery personnel, an averaée 10-minute diffefence in
recovery time was felt»tovbe clinically impoftant. This
ten—minute difference could imprbve turnoﬁér times and
feduce PACU éongestion. This study failed to find any
significant difference in recovery time. ’

The theoretiéal ffamework fof the study wasbthe theoryr
lof conscioushess},Hand grip and éye opening were used'aé'an 
iﬁdicator of returﬁ to consciousness. Sincé no signifidanﬁv
differences in tiﬁé to hand grip‘or eyé opening, Qérg
found, no differénces in time to recovery can:be iﬁfefred
frdm the sampié dété. The sample data does not support the
assumption that gender differences in pharmaéokinetics and
pharmacddynamics are ménifested as é'difference in rééovery
time from sevoflurane and proﬁofdl énesthésialifhere are
several possible reaéons why there was no Qbserved
difference in recovery times. The cémbination~ofi
éevoflurane with propofol may have masked.any differenées
that would havé beeh seeh if either had béendused alone.
Hand -grip and eye openihg may not have been sensitive
enéugh indicators'td detect'a small'difference in recovery.

This study did not account for other factors such as
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patient temperature at the eod'of surgery; Metaoolism of
ahestheticbdrugs is affected by temperature. Hypothermic
patiehts metabolize drugs slower than normothermic or. |
hyperthermic patients. If one group was, on average, colder
than the other at time of recovery then speed of emergence
may have been.affeoted. Finally,kthere may simpiy not;be a
difference in how ﬁen and women recover‘from general
anesthesia;

This stooy does not support the findings of Gan et
al., (1999) or Myles et al., (2001).’Both of theee studies
showed a signifioantly shorter time to recovery for woﬁen
versus men after geeeral anesthesia. Gaﬁ’S'study>used
propofol, nitrous oxide.and alfentanil for anesthetics.

_ The lack of a volatile agent and the gSe of a shorter—
bacting opioid in Gan’s study make'it very different'from
this study. This differeoce alone'makesiit diffioult to
draw any conclusioos‘from the results. Also, Gan and Mylesﬁ
sample demographic.included elderly subjects. This stﬁdy |
!included no subject over age‘SB. As discﬁssed above; age
oan.have‘various effeots‘oe the pharmacokinetics and
pharmacodynamics of drugs; Age-reiated differences in drug

metabolism could account for some of the differences in the
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' findings. Myles'and’Gan included ASA III patientS'in,their
studies. ASA III patients,_by definition, have systemic'
diseasebprocesseS‘that limit functioning, The disease -
processes, and the patient{e rontine medications, may alter
anesthetic;drng metabolism and account for theidifferent,,
results.

‘This study had several limitatione.‘First} the
pfotocol was not flexible‘enough regerding the amounts of
fentanyl and vecuronium that ‘could be used. This made
staying\with in the protocol and adminieteringia proper
anesthetic difficult, bnt non impossible. For example the
_protocol'caliedkfcr a propofol infusion at 100m§/kg/min
until 20 minutes before nhe end of surgery. Aften
discontinuing the pfopofol infusion; tne sevoflurane was
continued until five-minutes‘before the}end;of surgery. The
diseontinnation of se#oflnrane was reeorded as tiﬁe zero;
Recovery end—point_measurements were starﬁed at fime zero.
Predicting exactly when the surgefy would end was.very:
difficult, so propofol was‘sometimes turned dff too latevo}.
too early. If propofol was turned off too eerly)w
sevoflurane'levels had to be‘inereeeed to maintain adeqnate

depth of anesthesia. If the propofol was discontinued too
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late, which was usually'thé case,'récovery was extended for
Aboth genders} and room turnover was aeiayed. A mors‘
clinically realistic protocol would haﬁe been to reverse
the order of drug discontinuation. Sevoflurane would be
disdontinued'approximately 20 minutes béfore thé end of the
case, and‘propofoi'five-miputes beforé the>end of the case.
) Additionaliy tﬁere were differences in emergeﬁce‘
teChﬁiques. Some subjects were allowed to breathe
spontaneously towards the eﬁd of the sase and some were
mechanically ventilatea uhtil the end. The emergence
techhiquelused was‘shssen by the preceptor'ﬁhotwas in
sharge of the case. Diffsrent.emergence techniques.may play
aerIé in how quickly ﬁatients resover from genersl
anesthesia, hswevér, this.difference was not ahalyzed;
AlSo, injection of losal anesthetics ihtO’thé'wound byvthe
surgeon at the end bf the case was'notlanalyzed‘in this
‘study. Some subjects ressived local anesthetics and some
did not. A patient hsving_less pain at the end of surgery
may reach the study recovery end points hore lewly‘than
one experiencing a painfui stimulus. As noted, no,fecsrd‘
was mase regarding(thé‘status‘of the female’s msnstrual'

CyCle.'Hormonal_differences'may affect the pharmacokinetics
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and pharmacodynamics of different drugs whidh'could alter
recovery from anesthesia.

Additionally, the type of surgery (gynecological,
erthopedic, etc.) could have an impact on fecovery timee.
A surgeryvthat is more stimuiating may. require the -
edministration of higher cencentrations of sevoflurahe er;
fentanyl. While the total>narcetic dose‘remained within the
study parameters it is pdesible»that patients whe receive
'mofe of these agents will aWaken'leWer then others.

Conclusions

Based'on'therresults of this Study, there is no
stetisticelly or cliﬁically sigﬁificant éeﬁder difference
in recovery‘time from sevoflurane and éropefol’generel
enesthesia. |

Implications for Nursing

Nuree eeesthetists do not need to»elter their
anesthetlc technlque u51ng sevoflurane and éropofol to plan 
for recovery of thelr patlents based on gender alone.
Although every patient needs an individualized plan of
‘care, gehde: does not}appear to be a facter in recovery

given the circumstances studied.
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- Recommendations for Further Research

‘Studying:sevoflﬁrane and propofol independently may be
useful if any gender differences in recovery can be found(
Additional reséarch is needed to detect gender¥based,
differéncés in the.pharmécokinetics and pharmaCodynamics of

other drugs used in anesthesia.
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APPENDIX A

Data Collection-Tool'
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DATA COLLECTION TOOL
‘Gender Differences in Recovery Times
with Sevoflurane and Propofol infusion

Demographic data:

Random number assignment:
Age: Height: in | Weight: Kg | BML: kg/m*° [Sexx M F
ASA Classification: » Surgical Procedure:

I I Im IV

Preopve‘ o.' ' ]
Midazolam: mg total/ mg/kg dose
Adjuctive medication and doses:

Intraoperative Information:
Propofol total inductior - | Fentanyl total induction ,
|| dose: 1-2mg/kg - mg dose: 0.5- 2mcg/kg - ‘mcg

Propofol total dose: lOOmcg_/kg.min Fentanyl total supplemental dose:

Vecuronium total dose: .08-.1mg/kg |RSI: yes no v
Succinylcholine total dose:

Average end tidal sevoflurane concentration:

Adjuctive medication and doses:

Qutcome Criteria Data:

Time zero: sevoflurane off ’ : End tidal sevoflurane concentration:
Time to opening of eyes: minutes End tidal sevoflurane concentration:
Time to hand grip and release: minutes . | End tidal sevoflurane concentration:

Total time in minutes from time zero to meeting recovery criteria:

Investigator: , ‘ ’ ‘ Data collector
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' " Page2 L
1* 5 10 15 20 25 30 35 | 40 | 45 | 50 55
Hour . :
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Response | Time | 1 2 | 3] 415 6 | 7 1 8 9 ] 10
Zero | Min | Min | Min | Min | Min | Min | Min | Min | Min | Min

‘Eye
Opening
Hand
Grip and
Release

Sevo
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Opening
Hand
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. APPENDIX B -

Informed Consent Document
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7/12/02(Gender Diﬁ'erencas‘ in Re;overy from Propafol and Sevqﬂurane Anesthesia)

BROOKE ARMY MEDICAL CENTER/WILFORD HALL MEDICAL CENTER
INFORMED CONSENT DOCUMENT" *
(ICD Template Version 4. Feb 02)

- Gender Differences in Recovery from Propofol and Sevoflurane Anesthesia

PRINCIPAL INVESTIGATORS - Lt Col Elizabeth J Bridges, USAF NC
Capt Sean Strait, USAF, NC

If you choose not to participate in this research study, your decision will not affect your eligibiiity for care or .
any other benefits to which you are entitled. ' , '

DESCRIPTION/PURPOSE OF RESEARCH

- You are being asked to consider participation in this research study. The purpose of this study is to -
determine if there is a difference in the amount of time it takes you to wake-up after you receive general
anesthesia (medications usually given during surgery to make you unconscious) based on whether you are a
man or a woman. _ o -

This study will enroll approximately 48 subjects at Wilford Hall Medical Center,
- Participation in this study, will not involve any additional hospital viits

You have been selected to participate in this study because: 1) you are scheduled to have surgery requiring
general anesthesia, 2) you height and weight match what the researchers are looking for and you have not

had anesthesia within the past two weeks. '
PROCEDURES: |

. As a participant, you will undergo the following procedures: You will receive _rbutinc care before during and . .
after your surgery. There will not be any differences in your care as a result of your participation in this

study except that the investigators will measure the amount of time it takes for you to wake up from
anesthesia by asking you to open your eyes and to squeeze and release their hand. - -

For Protocol Office Use Only: . _
08H, Bri cD, 25 2 - o
FWH20020108H, Bridges, ICD, 25 Jun 0 WHMC INSTITUTIONAL REVIEW BOARD
ZS’J‘«A oz 2V Twm03
Daic ICD ' Date ICD Expires
Approved by IRB
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Participation in this study will not affect the type of anesthesia you will receive during your surgery. All
decisions about your anesthesia will first be approved by a staff Anesthesiologist (anesthesia doctor) or -
Certified Nursc: Anesthetist (anesthesia nurse), who is not part of the research team.- : o

If you need a procedure requiring additional informed consent, a separate consent form will be given to you

before that procedure.

RISKS OR DISCOMFORTS: . : ‘
There is no known risk associated with this study. However, there may also be unforeseen risks associated

with this study.

BENEFITS: _ . ’ o S
There is no guarantée you will receive any benefit from this study other than knowing that the information

may help future patients.

PAYMENT (COMPENSATIO

You will not receive any compensation (payment) for participating in this sfudy.

ALTERNATIVES TO PARTICIPATION: | |
Choosing not to participate in this study is your altérnative to volunteering for the study.

CONFIDENTIALITY OF RECORDS OF STUDY PARTICIPATION:’ o S
Records of your participation in this study may only be disclosed in accordance with federal law, including
the Federal Privacy Act, 5 U.S.C. 5524, and its implementing regulations. DD Form 2005, Privacy Act
Statement- Military Health Records, contains the Privacy Act Statement for the records. '

By signing this consent document, you giVe your permission for information gained from your participation
in this study to be published in medical literature, discussed for educational purposes, and used generally to
further medical science. You will not be personally identified; all information will be presented as.

anonymous data. ,

- Your records may be reviewed by the U.S. Food & Drug Administration (FDA), other government agencies,
and the WHMC Institutional Review Board. :

Complete confidentiality-cannot be promised, particularly for military personnel, because information

For Protocol Office Use Only:

FWH20020108H, Bridges, ICD, 25 Jun 02 . “
’ e ’ WHMC INSTITUTIONAL REVIEW BOARD

25" Tun o 2 703
Datc ICD Datc 1CD Expiees
Approved by {RB oo
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regarding your health may be required to be reported to appropriate medical or command authorities.

ENTITLEMENT TO CARE: ’ o :
In the event of injury resulting from this study, the extent of medical care provided is limited and will be

within the scope authorized for Department of Defense (DoD) health care beneficiaries.

“Your entitlement to medical and dental care and/or compensation in the event of mJury is governed by
federal laws and regulations, and if you have questions about your rights as a research subject or if you -
believe you have received a research-related injury, you may contact the :

Wilford Hall Chmcal Research Squadron Commander, (210) 292-7069 or Wilford Hall“,Medical Center Risk
Manager, 210-292-6004. , - )

BLOOD & TISSUE SAMPLES: |
No blood or tissue samples will be taken as part of this study.

VOLUNTARY PARTICIPATION:

The decision to participate in this study is completely voluntary on your part. No one has coerced or :

intimidated you into participating in this project. You are participating because you want to. The Principal -

- Investigator or one of his/her associates has adequately answered any and all questions you have about this - ‘
_study, your participation, and the procedures involved. If significant new findings develop during the course

of this study that may relate to your decision to continue participation, you will be informed. ‘

You may withdraw this consent at any time and discontinue further participation in this study without
affecting your eligibility for care or any other benefits to which you are entitled. Should you choose to
withdraw, you must notify the investigator. The investigator of this study may terminate your participation
in this study at any time if he/she feels this to be in your best interest. ' ‘

CONTACT INFORMATION: -
Principal Investigator (PI) : .

-+ The principal investigator or a member of Clinical Research Squadron staff will be available to answer any
questions concerning procedures throughout this study. ‘

Principal Investigator: Lt Col Elizabeth Bridges or Capt Phone: (210) 292-7142
For Protocol Office Use Only: -
FWH20020108H, Bridgaes, ICD, 25 Jun 02 ' WHMC INSTITUTIONAL REVIEW BOARD
£ . ’ :
Dae ICD ‘ Daic ICD Expircs
Approved by IRB

‘Page 3 o0of 5




Effects of Gender 56
7/12/02(Gender Differences in Recovery from Propafol and Sevoflurane Anesthesia)

Institutional Review Board (RB) R ‘ , o
The WHMC Institutional Review Board (IRB), the hospital committee responsible for safeguarding your

- .Tights as a research subject, has assigned a member of the IRB, who is not part of the study team, to serveas . . .

an outside monitor for this study (this person is the Medical Monitor). If you have any questions about your
rights as a research subject or any other concerns that can not be addressed by the PI, you can contact the
medical monitor, Joseph Schmelz, PhD, RN at (210) 292-5687. Or mail to: 59th Clinical Research
Squadron/MSRP, 1255 Wilford Hail Loop, Lackland Air Force Base, Texas 78230. ,

In addition, if you have any comments, questions, concerns or comblaints, you may also contact the
- Chairperson of the IRB, at (210) 292-7558. Or mail to: 59th Medical Wing/CM, 2200 Bergquist Drive,
Lackland Air Force Base, Texas 78230. _ v ,
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